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A  study  to  measure  radiation  received  by  SR-71  crews  at  high  alti¬ 
tudes  began  at  Beale  AFB,  California  in  1971.  Data  gathered  during  the 
first  eighteen  months  are  presented.  Radiation  was  measured  by  a  thermo- 
'  luminescent  dosimeter  provided  by  the  USAF  Radiological  Health  Labora¬ 
tory  (AFLC). ^^orty- seven  SR-71  crewmembers  flew  a  total  of  7000  hours 
(2275  hrs.  above  60,000  ft.)  in  latitudes  from  10°N  to  50°N.  Radiation 
received  by  these  crews  was  negligible.  The  mean  dose  equivalent  rate 
for  26  crewmembers  who  flew  a  year  or  longer  was  1.04  m-rem/hr.  above 
60,000  feet.  They  received  an  average  of  51*9  m-rem  per  year  which  is.  >, 
10.4^  of  the  maximum  permissible  dose  for  the  general  population.  The 
maximum  radiation  recorded  for  an  individual  in  a  year  was  198  m-rem 
which  is  39>6ft  of  the  MPD  for  the  general  population.  Radiation  received 
by  crews  flying  at  high  altitudes  should  be  acceptable  in  the  absence  of 
very  intense  solar  activity,  The  steuidards  for  radiation  workers,  recom¬ 
mended  by  the  International  Commlsson  On  Radiation  Protection,  can  be 
conservatively  applied  to  military  aircrews  flying  high  altitude  missions. 
Personnel  dosimetry  should  be  routinely  required  because  of  the  unpredict¬ 
able  nature  of  solar  fleire  activity.  A  real-time  warning  system  is  re¬ 
quired  to  advise  crews  flying  at  hl^  altitudes  of  the  occurrence  of  in¬ 
tense  solar  flare  activity. 


In  the  spring  of  1971  a  long  term  study  was  begun  at  Beale  Air 
Force  Base,  California  for  the  purpose  of  defining  the  radiation  hazard 
at  the  operational  altitude  of  the  SR-71,  by  monitoring  the  Immediate 
environment  of  the  crew  with  an  accurate  personnel  dosimeter.  Plans 
are  to  caitinue  the  study  for  at  least  one  solar  cycle  if  possible 

(10  -  12  yrs.). 

Previous  studies^”^  suggested  that  the  radiation  doses  received  by 
the  crew  of  a  Super  Sonic  Transport  (SST)  should  be  acceptable  in  the 
absence  of  significant  solar  activity.  Data  gathered  by  sampling  the 
high  altitude  environment  during  a  number  of  balloon  and  aircraft  flights, 
in  addition  to  satellite  experiments,  theoretical  calculations,  and 
ground  level  neutron  monitors,  support  this  impression.  Hopefully  the 
present  study  will  corroborate  these  early  analyses  and  add  to  the  know¬ 
ledge  about  radiation  In  the  high  altitude  environment, 

This  paper  presents  data  gathered  during  the  first  eighteen  months 

•  > 

of  the  study  which  began  April  1,  1971.  The  SR-71  aircraft  and  the 
medical  support  of  the  SR-71  program  have  been  described  elsewhere, 
MATERIALS  AND  METHODS 

A  thermoluminescent  dosimeter  (TLD)  using  lithium  fluoride  as  the 
radiation  sensor  was  supplied  and  calibrated  by  the  USAF  Radiological 
Health  Laboratory  (AFLC).  The  lithium  fluoride  sensor  uses  a  special 
isotope  of  lithium  (lithium-?)  which  is  inert  to  temperatures  well  above 
bOOOC.  The  TLD  holder  which  Is  made  of  polypropolyne  plastic  and  weighs 
ebout  8.6  grams  was  designed  by  Capt.  H.  V.  Piltlngsrud. 

Bach  crewmember  was  provided  a  TLD  which  was  placed  In  a  pocket  on 
the  upper  left  sleeve  of  the  outer  garment  of  hi.s  pressure  suit.  The  TLD 


was  worn  on  all  flights  and  returned  quarterly  to  the  laboratory  for 
dose  determination.  Replacement  biidf^ea  were  fumlshed  two  weeks  prior 
to  the  end  of  each  three-month  period.  Two  control  badges,  kept  in 
the  pressure  suit  storage  room  away  from  radiation  sources,  were  return¬ 
ed  each  period  with  the  other  badges.  Results  of  the  readings  from  the 
dosimeters  were  recorded  in  the  USAF  Master  Radiation  Exposure  Registry, 
and  reported  quarterly  tc  the  Aeromedlcal  Service  at  Beale  AFB,  Califor¬ 
nia. 

During  this  eighteen  month  study  (April  1971  through  September  1972) 
forty-seven  SR-71  crewmembers  flew  a  total  of  7000  hours  in  geomagnetic 
latitudes  ranging  from  10®N  to  50°^.  About  32.3^  of  this  time  (2275  hrs.) 
was  at  operational  altitudes  above  60,000  feet.  An  average  of  thirty 
erewmenbers  flew  each  quarter.  Sixteen  flew  during  the  entire  study. 
RESULTS 

Twenty-four  crewmembers  recorded  total  flying  time  and  time  above 
60,000  feet  over  a  six-month  period.  These  data  are  summarized  in  Ta-  '' 
ble  I.  An  average  of  32. of  the  flying  time  in  the  SR-71  is  above 
60,000  feet.  This  factor  is  applied  to  total  flying  tine  throughout  the 
study  to  estimate  flying  time  at  operational  altitudes.  If  the  data  in 
Table  I  are  graphed  on  a  histogram  two  peaks  are  obvious.  The  first 
occurs  between  15.7^  and  23.0JC  and  involves  new  crews  checking  out  in  the 
SR-71.  A  greater  proportion  of  the  flying  time  during  training  is  spent 
at  lower  altitudes  practicing  approaches  and  landings.  Training  flights 
average  about  20.0^  of  the  flying  time  above  60,000  feet.  The  second 
peak  between  31.6%  and  51 <2%  involves  operational  missions.  These  flights 


are  {jencrtTlly  lon;'^er  In  dur^-tion  nnd  am  iir:i!r>ny  torninatr'd  ';>y  a.  drnoent 
and  landing,  withcnl  practice  approacd.cG  at  lo'.'cr  altitudes.  Operation¬ 
al  flights  average  about  4?. O';.'  of  the  riying  ti;,e  above  60,0>0  lent. 

Tables  II  through  VTT  prer.eat  tto  r.r.r’;i  dose  onii1\'alent  rntes  in 
millirem  (ra-rom)  per  hour  above  60,000  feet  roconied  in  each  three-month 
period.  Mean  values  for  each  crew  member  and  each  quarter  are  given. 

The  lowest  values  observed  were  in  the  third  ar.d  .sixth  quarters  (Tables 
IV  and  VIT).  The  mean  values  for  each  of  those  periods  were  O.3O  m~rem 
per  hour.  The  highest  individual  dose  rate  recorded  during  these  two 
quarters  was  1.22  m-rem/hr.  Only  four  out  of  fifty-.six  crew  members 
flying  during  this  time  exceeded  1.0  m-rem/hr. 

A  mean  dose  equivalent  rate  of  2.13  m-rem/hr,  v.-as  recorded  during 
January  through  March  19?2  (Table  V).  This  was  the  highest  quarterly 
value  observed  during  the  study.  The  highest  total  millirejr.s  for  an 
individual  during  the  study  (176  m-rem)  v/ac  recorded  in  this  quarter. 

•  > 

The  na-xinum  permissible  dose  (KPD)  for  radiation  workers  established  by 
the  International  Commission  On  Radiation  Protection  (ICRP)  is  5  rem 
per  year  or  3  rem  per  quarter,^  The  MPD  for  the  general  population  is 
0,5  rem  per  year  (500  m-rem/year).  I76  m-rem  is  of  the  quarterly 
MPD  allowed  for  radiation  v/orkers. 

The  highest  moan  dose  equivalent  rate  observed  in  a  quarter  for  an 
Individual  v'as  17.06  m-rem/hr.  (Table  Vl).  The  maximum  time  an  SR-71 
crew  member  would  spend  above  60,000  feet  in  a  ycai-  would  only  rarely 
reach  100  hoiirs.  If  the  dose  rate  of  17.06  m-ren/hr.  was  applied  to 
thi.s  number  then  the  crew  member  would  receive  a.bout  I706.O  m-rem 
(1./  rem)  in  a  year.  This  Is  of  the  J1PI)  allowed  for  radiation 
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workers  per  year  (5  rem).  Actually,  this  individual  (crew  no.  11  in 
Table  '  and  VIIl)  received  190  m-rem  for  the  eighteen -month  period 
which  is  only  25.3^  of  the  MPD  for  the  general  pojiulatlon . 

Table  VIII  summarizes  the  total  flying  time  and  millirems  received 
by  twenty-six  crew  members  who  flew  twelve  months  or  longer  during  this 
study.  They  flew  an  average  of  153*9  hours  a  year  of  which  about  50 
were  above  60,000  feet.  They  received  an  average  of  51*9  m-rem  per  year 
which  is  only  10.^  of  the  MPD  for  the  general  population,  or  1.0%  of 
the  MPD  for  radiation  workers.  The  higiiest  total  m-rems  received  by  an 
individual  in  a  year  was  198  m-reras,  which  is  39.6^  of  the  MPD  for  the 
general  population.  This  crew  member  (crew  no.  21)  also  had  the  highest 
dose  equivalent  rate  (3*81  m-rem/hr. )  observed  in  a  twelve-month  period. 
The  mean  dose  equivalent  rate  for  this  group  as  a  whole  was  1.04  m-ren 
per  hour  above  60,000  feet. 

Table  IX  summarizes  total  flying  time  and  radiation  exposure  by 
quarter  and  for  the  study  as  a  whole.  The  SR-71  flew  7000.1  hours  during 
the  ei^teen-raonth  period.  About  2275*0  hours  were  flown  above  60,000 
feet.  The  TLD  recorded  a  total  of  2238.5  m-rems.  The  mean  dose  equiva¬ 
lent  rate  for  the  entire  study  was  O.98  m-rem  per  hour  above  60,000  feet. 
DISCUSSION 

The  radiation  encountered  by  SR-7I  crews  during  this  study  was 
negligible.  The  mean  dose  equivalent  rate  for  twenty-six  crew  members 
who  flew  a  year  or  longer  was  1.04  m-rem/hr.  above  60,000  feet.  It 
would  be  xinusual  for  an  individual  to  fly  operationally  in  the  SR-7I 
program  for  longer  than  five  yeeurs,  or  exceed  500  hours  above  60,000 
feet.  A  crow  member,  participating  maximally  in  the  program,  would 


receive  5^0  n-ren  in  a  five  yesr  pf;rioi  at  th--  dcr.e  rate  indicated 
above.  This  is  only  2%  of  the  ?;PD  for  radjstion  worl'.crs.  The  inaxi- 
mun  done  equivalent  rale  rccot-dod  for  an  individual  in  a  year  \.'an  J.ol 
m-rem/hr.  A  crevf  menber  uould  receive  ■’f'O'i.O  n-rem  in  five  yearn  at 
this  dose  rate.  This  Is  and  76. 2h  of  the  KPD  for  radiation 

vjorkers  and  the  general  population  respectively. 

On  the  other  hand  it  nust  be  noted  tlisl  the  majority  of  the  SR-71 
flights  in  this  stvidy  were  in  geomagnetic  latitudes  from  10®?l  to 
Cosmic  radiation  is  most  intense  in  the  polar  rorions  at  latitudes 
greater  than  55*^'  I't  has  been  estimated  that  the  dose  rat  e  encountered 
at  SST  altitudes  in  polar  and  equatoi'ial  regions  could  vary  by  a  factor 
of  five  to  six.  Therefore,  any  significant  shift  in  the  flight  profiles 
of  the  SR-71  to  morn  northemly  latitudes  could  produce  a  different  set 
of  data.  Furthermore,  this  eighteen-month  study  represents  only  about 
1^0  of  an  average  solar  cycle  of  10. 5  to  11  years.  The  period  of  obscr- 

N 

vations  Is  too  short  to  define  v;ith  any  reasonable  accuracy  the  mean 
dose  equivalent  rate  for  an  entire  solar  cycle. 

There  are  three  types  of  radiation  v/hich  could  be  encountered  while 
flying  in  the  high  altitude  environment! 

1.  radiations  from  nuclear  explosions  in  the  atmosphere. 

2.  galactic  cosmic  radiation  (GCH) 

3.  solar  cosmic  radiation  (SCR) 

The  probs.bllity  of  being  exposed  to  radiation  from  nuclear  explosions 
in  the  atmosphere  v/ithout  prior  warning  is  remote  in  peacetime.  Galactic 
cosmic  radiation  is  quantitatively  the  most  important  source  of  radiation 
for  crews  who  routinely  fly  at  SST  altitudes.  The  dose  rate  from  GCR  is 


continuous  and  predictable.  The  average  galactic  dose  equivalent  rate 
during  a  solar  cycle  has  been  estimated  to  be  about  1.1  to  1.2  m-rem  per 
hour  at  65,000  feet  and  latitu^-s  greater  than  60°M. 

Radiation  from  solar  cosmic  radiation  is  sporadic  and  unpredictable. 
The  average  dose  rate  from  SCR  during  a  solar  cycle  has  been  estimated 
(for  solar  cycle  19)  to  be  about  0.7  m-rem  per  hour.  Therefore,  SCR  is 
not  quantitatively  as  important  as  GCR  over  the  long  terra.  However,  > 
in  February  195^  a  giant  solar  flare  was  observed  which  generated  a  dose 
equivalent  rate  of  between  0.5  and  3«0  rem  per  hour  at  SST  altitudes  in 
hi^  latitudes.  The  dose  rates  from  several  other  high  energy  events 
during  solar  cycle  19  (195^1964)  varied  between  10  and  50  n-rera  per 
hour.  Fortunately  Intense  solar  events  similar  to  the  one  in  Feb.  195^ 
occur  only  one  or  two  times  per  solar  cycle.  Therefore  it  is  extremely 
vinlikely  that  an  SR-71  crewmember  would  be  exposed  to  one. 

Galactic  and  solar  cosmic  radiation  is  primarily  composed  of  protons 
(8556),  alpha-particles  (helium  nuclei),  and  other  heavier  nuclei.  These 
primary  particles  collide  with  nuclei  of  gases  in  the  upper  atmosphere 
and  produce  a  complex  array  of  secondary  particles.  The  most  imx>ortant 
part  of  this  secondary  flux  are  neutrcxis  which  contribute  more  than  half 
the  dose  equivalent  at  SST  altitudes.  This  has  important  implications 
related  to  the  problem  of  accurately  recording  the  radiation  received  at 
hlj^h  altitudes  with  a  personnel  dosimeter  such  as  the  TLD.  The  response 
of  the  TLD  to  neutron  radiation  is  difficult  to  interpret,  For  this 
reason  the  laboratory  developed  a  neutron  spectroraeter-dosl meter  which 
is  designed  to  more  precisely  measure  the  flux  and  energy  spectra  of 
ne^rtrons  in  mixed  radiation  fields. 7  Plans  are  to  use  this  device 


in  the  near  future  to  croas-calibratc  the  TLD  at  operational  altitudes 
of  the  SR-71. 

Finally,  several  tentative  conclusions  and  recommendations  are 
offered  for  consideration! 

1.  The  initial  observations  in  this  study  support  the  conclu¬ 
sions  of  earlier  studies  that  the  radiation  received  by  air  crews* 
flying  in  the  high  altitude  environment,  should  be  acceptable  in  the 
absence  of  significant  solar  activity. 

2.  SR-71  crews,  as  well  as  other  military  crews  selected  to 
participate  in  high  altitude  missions,  are  in  excellent  health.  Fur¬ 
thermore,  they  generally  do  not  participate  in  high  altitude  programs 
for  longer  than  five  years.  For  these  reasons  the  standards  for  radia¬ 
tion  workers,  recommended  by  the  International  Commission  on  Radiation 
Protection,  can  be  conservatively  applied  to  military  aircrews  who 
routinely  fly  in  the  high  altitude  environment. 

3.  personnel  dosimetry  should  be  required  for  all  military  ' 
crew  members  participating  in  high  altitude  missions  because  of  the 
unxjredictable  nature  of  solar  flare  activity.  Results  of  readings  from 
the  dosimeters  should  be  made  a  permanent  part  of  their  medical  records. 

4.  The  most  significant  radiation  hazard  to  high  altitude  air 
crews  is  the  infrequent  occurrence  of  giant  solar  flares  similar  to  the 
one  in  Felaruary  1956.  The  hl^  energy  particle  flux  during  this  event 
reached  its  peak  in  the  earth’s  atmosphere  twenty  minutes  aifter  it  was 
initially  observed.  For  this  reason  a  real-time  waimlng  system  is  re¬ 
quired.  Ideally,  the  warning  would  be  transmitted  to  the  crews  at  high 
altitudes  by  the  flight  control  centers  which  are  monitoring  their  fll^t 


progress*  Prompt  descent  to  lower  altitudes  (30,000  feet)  provides 


significant  protection. 
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